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Expressions of Manipulator Kinematic Equatioms via

Symbolic Computation
Shinobu SASAKI

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 9, 1893)

While it is simple in principle to determine the position and
orientation of the manipulator hand, its computational process has been
regarded as extremely laborious since trigonometric functions must be
calculated many times in operations of revolute or rotation. Due to
development of a general class of kinematic algorithm based on
iterative methods, however, we have come to a satisfactory settlement
of this problem. In the present article, we consider to construct
symbolic kinematic equations in an automatic fashion making use of the
algorithm.

To this end, recursive expressions are applied to a symbolic
computation system REDUCE. As a concrete result, a complete kinematic
model for a six-<jointed arm having all kinematic attributes is provided.
Together with work space analysis, the computer-aided generation of
kinematic equations in symbolic form will serve to liberate us from

their cumbersome derivations,

- Keywords : Kinematics, Symbolic Computation, REDUCE Language,

Six-link Manipulator, Hand, Arm.
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Ly = 700 (mm)
lg=_500 mm)

ty+ 1,=350
{4=150

Fig. 1

mm)
mim }
mm)

A Six-Link Manipulator Studied

Table 1 Link Parameters for a Six-Link Manipulator
MET | g | RUnAa, JvoEEa; | X-WRHOESEJ,

1 | 6, la, | —90(deg) | & | O0Cmm)| d | 700(mm)
2 8, a, 0(deg) | a: | 500 (mmJ | d: 0(mm)
3 g, a, 90(deg) | a: 0 (mm) | di 0(mm)
4 §, a, | -90(deg) | a. 0{mm) | d. 350{mm)
5 b ay | —90(deg) | as | 180 {mm} | d; 0(mm)
8 £ @ 0{deg) | as¢ | 280 (mm}| d. ¢{mm)
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